During prolonged starvation, fructose 1,6-bisphosphatase (EC 3.1.3.11) activity in rabbit liver and kidney shows a transient decrease during the first 36 hr., before rising at 96 hr to levels severalfold higher than those found in the livers of fed animals. Proteolytic activity appears in the 105,000 X g supernatant fraction within several hours of starvation, and continues to increase during the entire 96-hr period. On refeeding, the activities return to nearly the control levels within 24 hr. The catalytic properties of fructose 1,6-bisphosphatase isolated from the livers of fasted rabbits are similar to those of the enzyme from fed animals, but its structure is modified, since it no longer contains the single tryptophan residue located near the NH2-terminus in the native enzyme. Thus this tryptophan residue is not required for the neutral pH optimum. The structural changes and the transient decrease in activity may be related to the observed increase in "free" proteolytic activity.
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We have previously reported that exposure of rabbits to brief cold and fasting caused a decrease in the activity of liver fructose 1,6-bisphosphatase (Fru-P2ase EC 3. 1.3.11) . that appeared to be correlated with an increase in the number and proteolytic activity of liver lysosomes (1) . The decrease in Fru-P2ase activity was unexpected, since this enzyme is required for gluconeogenesis (2) and its activity would be expected to increase under the above conditions.
We have now analyzed the changes in Fru-P2ase levels in both livers and kidneys of rabbits fasted for longer periods, up to 96 hr, and compared these changes with those of two marker enzymes, phosphoenolpyruvate (PEP)-carboxykinase (EC 4.1.1.32) and 6-phosphofructokinase (PFK, EC 2.7.1.11). Johnson et al. (3) have shown that the gluconeogenic enzyme, PEP-carboxykinase, increases dramatically in the livers of fasted rabbits, while Weber et al. (4) have reported profound decreases in the level of the key glycolytic enzyme, PFK, in livers of fasted rats. We have confirmed the reciprocal changes in activities of these two enzymes and found that after 36 hr the level of Fru-P2ase begins to rise and thereafter increases in parallel with that of PEP-carboxykinase. The activities of all these enzymes returned rapidly to the control levels when the animals were refed. The increases in activity of the two gluconeogenic enzymes, Fru-P2ase and PEP-carboxykinase, occurred concurrently with large increases in proteolytic activity in both liver and kidney, that persisted through the period of prolonged fasting. The levels of proteolytic activity also returned rapidly to normal on refeeding.
Recently, several laboratories have reported the isolation of native forms of Fru-P2ase from liver and kidney of several mammalian species (5) (6) (7) (8) . The native enzymes from rabbit liver and kidney are characterized by having optimum activity at neutral pH, and each is composed of four subunits, whose molecular weight is approximately 36,000 (6, 7) . Each subunit contains a single tryptophan residue (7, 9, 10) , located in the NHrterminal region of the molecule (11) . Exposure of the purified native enzyme to proteolytic enzymes, or to lysosomal fractions, has been shown to cause marked changes in the catalytic properties of the enzyme (9, 12, 13) , notably a shift from a neutral to an alkaline pH optimum. The changes in catalytic properties appear to be due to the conversion of the native subunits to a lighter form, having a molecular weight of approximately 29,000. In view of these effects of proteolytic enzymes on the native enzyme in titro, we examined the catalytic and molecular properties of the enzyme isolated from the fasted animals. Despite the large increases in proteolytic activity, however, Fru-P2ase in both liver and kidney retained its neutral pH optimum, and the enzyme purified from the livers of the fasted animals was still composed of the heavier subunit, with only traces of a lighter species. However, while there were no gross changes in molecular weight, we did find evidence for a more subtle proteolytic modification of the NHrterminus, since the enzyme isolated from the livers of fasted animals had lost the single tryptophan residue from this region of the molecule. In several respects, the enzyme isolated from the fasted animals was found to resemble the form previously isolated from the livers of farmbred rabbits in the winter (12 PFK activity was assayed spectrophotometrically at pH 8.2 following the oxidation of NADH in the presence of excess aldolase and glycerol 1-phosphate dehydrogenase-triose phosphate isomerase, as described by Mansour (14) . PEPcarboxykinase activity was assayed at 30°by the method of Nordlie and Lardy (15) , as modified by Foster et al. (16) .
Proteolytic Activity. Proteolytic activities were assayed with Cbz-Glu-Tyr and Cbz-Glu-Phe as substrates (17, 18) , as previously described (1) .
RESULTS

Effects of Fasting and Refeeding on the Activities of Liver and
Kidney Fru-P2ase. The activity of liver Fru-P2ase declined during the first 36 hr to approximately one-half the original value (Fig. 1A) . Thereafter, it rose rapidly and after 96 hr of fasting it exceeded the control level by more than 2-fold. Refeeding was followed by a rapid return to the control range. Similar responses to fasting and refeeding were observed for Fru-P2ase in rabbit kidney (Fig. 1B) .
Effects of Fasting and Refeeding on the Activities of PEPCarboxykinase and PFK. PEP-carboxykinase and PFK are key enzymes of gluconeogenesis and glycolysis that show reciprocal changes in activity levels in fasted animals (3, 4) . We therefore assayed these enzymes in the livers and kidneys of the fasted and refed rabbits (Fig. 1A and B) . Within the first 50 hr of fasting PFK activity declined to about 40% and 15% of the initial values, respectively, in liver and kidney, (Fig. 2) . Most of this increase was due to the appearance of activity in the 105,000 X g supernatant fraction. In contrast to the control animals, where all of the proteolytic activity was associated with the lysosomal pellet, in the starved animals an increasing fraction of the proteolytic activity was present in the cytoplasmic fraction. This may be related to the changes in lysosomal morphology reported earlier (1). It is remarkable that both the proteolytic activity (Fig. 2 ) and morphological properties (unpublished observations by Prof. 2. Levels and distribution of liver and kidney proteolytic activities during starvation and refeeding. Total and free proteolytic activities were measured in the 800 X g and 100,000 X g supernatant solutions of both liver and kidney homogenates (see Methods), with a mixture of Cbz-Glu-Tyr and Cbz-Glu-Phe, as previously described (1). "Total" and "free" proteolytic activities represent those assayed in the 800 X g and 100,000 X g supernatant solutions, respectively, and are expressed as units/g fresh tissue. After refeeding for 48 hr the activities were as follows: total proteolytic activity: liver, 0.6 units/g; kidney, 1.7 units/g; "free" proteolytic activity: not detectable.
A. T. Franzi) are restored to normal within 24 hr after refeeding. Molecular Properties of Fru-P2ase Isolated from Livers of Control and Fasted Rabbits. Fru-P2ases purified from the livers of fed or starved animals were identical with respect to specific activity (15.0 0.2 units/g) or in the ratio of activity at pH 9.2 to that at pH 7.5 (0.40-0.42). When analyzed by disc gel electrophoresis in the presence of Na dodecyl sulfate, the preparations from 36-and 96-hr fasted animals showed small amounts of a lighter subunit, but the bulk of the subunits (85-90%) were indistinguishable in molecular weight from those of the control enzyme ( Fig. 3 (6) and the gels scanned with a model 240 Gilford spectrophotometer equipped with a 2410 linear transport unit. The mobility of the major peak corresponds in each case to a subunit molecular weight of 36,000 and that of the smaller peak to a molecular weight of approximately 30,000.
NH2-terminus. In order to exclude the possibility that this loss of tryptophan was an artifact of isolation, caused by the presence of free proteolytic activity in the isotonic sucrose extracts from which the enzyme is purified (see Fig. 2 ), we incubated the enzyme from fed animals for 3 hr at 250 with the liver cytosol fraction from a 96-hr fasted rabbit. The 3-hr period was selected because it corresponded to the time required for purification of the enzyme, and the incubation was carried out at pH 5.0 as well as at pH 6.7. The enzyme recovered from these reaction mixtures by the usual purification procedures showed (1) no change in the pH 7.5/pH 9.2 activity ratio, (2) no change in the Na dodecyl sulfate disc gel electrophoresis pattern, and (3) no loss of tryptophan. The content of the latter was 4.13 moles/mole of enzyme for 
DISCUSSION
The previously reported (1) decrease in Fru-P2ase activity in the livers of rabbits during the first 36 hr of exposure to cold and fasting raised doubts as to whether our animals were indeed responding to these gluconeogenic conditions. We therefore exposed them to longer periods of fasting and also measured the changes in activities of two marker enzymes of glycolysis and gluconeogenesis, namely PFK and PEPcarboxykinase. The expected changes in the activities of the two marker enzymes were observed within 18 hr after food was withdrawn, indicating that the animals were indeed responding to the gluconeogenic stimulus. In the animals fasted for 96 hr, we observed an increase in the activity of Fru-P2ase, particularly in liver, that paralleled the increase in PEP-carboxykinase during the later period. The decrease in Fru-P2ase during the first 36 hr remains unexplained, but it should be pointed out that the activity of this enzyme, even at its minimum, was severalfold greater than that of PEP-carboxykinase, and it does not become rate-limiting for the overall process even when its activity is low. The changes in activity of Fru-P2ase may be related to changes in its regulatory properties.
Of particular interest is the large increase in "free" proteolytic activity, as measured with the Cbz-Glu-Tyr, CbzGlu-Phe mixture, since this may be related to the changes in levels and molecular properties of Fru-P2ase. It remains to be established whether other lysosomal proteases are also increased, and also whether this activity is present in the cytoplasm in vivo, or released during the isolation of lysosomes because of their increased fragility in the starved animals (1). If proteolytic enzymes are indeed released into the cytoplasm in vivo, then the rapid disappearance of this activity within 24 to 48 hr of refeeding suggests their rapid turnover. It is also of interest that despite the evidence suggesting a large increase in proteolytic activity in both liver and kidney, the gluconeogenic enzymes, Fru-P2ase and PEP-carboxykinase, reach levels manyfold higher than those found in fed animals.
Two properties of Fru-P2ase in the fasted livers and kidney are particularly noteworthy. The first is the loss of tryptophan, which occurs without significant change in molecular weight. We have previously shown (11) that the single tryptophan residue is located in the NH2-terminal region of the subunit; the present results suggest that it may lie very close to the NH2-terminus. The second is the appearance of traces of a lighter subunit, which suggests that a modification similar to that observed when the enzyme is exposed to lysosomes in vitro (12) has occurred in vivo. However, in vitro, the accumulation of lighter subunits is far more extensive, reaching at least 50% of the total, and is accompanied by a shift in the pH optimum of the enzyme from neutral to alkaline (12) . In the intact starved animals, on the other hand, the lighter subunit does not accumulate, suggesting that modified enzyme molecules containing the lighter subunit may be rapidly degraded. We have previously shown that the neutral enzyme isolated from subunits, is more sensitive to proteolytic enzymes such as subtilisin (12) . We have also found that the shift in pH optimum as a function of the content of lighter subunits is a highly cooperative process (13) . Thus it is barely detectable when the lighter subunits account for only 10% of the total, and nearly complete when the proportion reaches 35%, when it is estimated that 80% of the tetrameric molecules contain at least one light subunit.
We have interpreted the available evidence in terms of proteolytic modification of Fru-P2ase in the fasted animals, resulting from the increased endogenous proteolytic activity. However, the presence of two genes for Fru-P2ase, one expressed in the fed animals and the other in the fasted animals, has not been excluded.
Although the enzymes purified from the livers and kidneys of starved animals resemble the enzymes from fed animals in catalytic properties, particularly in having a neutral pH optimum, their regulatory properties may be altered.
